Introduction
1 Total hip arthroplasty (THA) is one of the most frequently performed and successful reconstructive 2 procedures in orthopedic surgery, with more than one million procedures undertaken every year worldwide 3 [1] . Because of an ageing population and the increase in obesity, the incidence of osteoarthritis (OA) and 4 the number of THA's is expected to increase substantially in future decades [2] . Although the majority of 5 THAs are provided to patients aged 65 years and older, the proportion of patients younger than 65 years is 6 projected to increase to 50% of all arthroplasties by 2030 [3] . With a growing and more active older 7 population, and an increasing number of younger patients undergoing THA, the functional demands 8 expected of THA will change and assessment of outcomes will equally need to evolve [3, 4] . Assessment 9 of outcomes after THA often involves patient-reported outcome measures (PROMs) focusing mainly on two 10 domains: pain and function. PROMs are widely used in research and clinical settings, and they are 11 considered easy to use, inexpensive and time efficient. One of the most commonly used PROMs is the 12 disease-specific Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) which has 13 been validated for use with patients undergoing THA [5, 6] . Following THA, patients who are more satisfied 14 are also more likely to have higher total WOMAC scores with the amount of improvement depending on 15 baseline status [7] . Furthermore, it has been demonstrated that patients with lower pre-operative self-16 reported WOMAC function scores do not improve their final outcomes to the same magnitude as patients 17 with higher pre-operative scores [8] . However, WOMAC scores represent subjective self-reported 18 measures which are easily influenced by socioeconomic or psychological factors and dominated by pain 19 [9, 10] . Moreover, as with many orthopedic PROMs, the WOMAC score suffers from a ceiling effect as it 20 has a limited maximum value that is reached by a substantial proportion of patients who report no pain or 21 functional limitations after THA [11] [12] [13] . A consequence of this ceiling effect is that the true extent of patients' 22 post-operative functional abilities cannot be determined. Therefore, it is important that research considers 23 other methods of assessing functional outcomes after THA. Gait analysis has widely been accepted as an 24 objective measure of physical function, allowing researchers and clinicians to better understand 25 biomechanical alterations in the presence of hip osteoarthritis (OA) and to evaluate the functional success 26 of THA and rehabilitation strategies [13] [14] [15] . However, the gold standard for clinical gait analysis, an 27 optoelectronic motion capture (MOCAP) system, is time consuming and expensive, requires a specially 28 equipped laboratory and it is limited to a specific motion capture volume, constrained by space and 29 equipment. As an alternative to these sophisticated but clinically unfeasible MOCAP systems, ambulant 30 accelerometers have developed into reliable tools for the assessment of basic spatiotemporal gait 31 parameters (e.g. cadence, step length) which can discriminate healthy subjects from OA patients [14, 16] 32 and have demonstrated responsiveness to post-operative changes [17] . More recently, inertial sensors (i.e.
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accelerometer combined with a gyroscope) have been validated for kinematic measurements of gait [18, 34 19], such as joint range of motion (ROM), and could provide more detailed information on gait disturbances 35 in hip OA patients outside the gait laboratory [20] . Given the differences in self-reported functional outcomes 36 between patients with low and high pre-operative function, it is important to establish if these patterns of 37 recovery are also observed with objective measures of physical function [21, 22] .
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The primary aim of the study was to compare the longitudinal changes in physical function between hip OA 40 patients with a low and high self-reported level of physical function, from just prior to THA until one year 41 post arthroplasty, assessed by a subjective patient-reported outcome measure (WOMAC function score) 42 and an objective functional measurement (inertial sensor based gait analysis). A second aim of the study 43 was to compare the trajectories of post-operative recovery between the WOMAC function score and gait 44 parameters. The third aim was to compare the outcomes of gait analysis one year after THA from our cohort 45 with those of a healthy control group. We expected that patients with a low pre-operative WOMAC function 46 score would also demonstrate worse post-operative WOMAC function scores [8] , but hypothesized that 47 these differences may not be found with objective gait parameters as they are less influenced by 48 socioeconomic and psychological factors [9] and weak to moderate correlations between PROMs and 49 performance-based tests have been reported in the literature [6, 10, 17, 23, 24] . We further hypothesized 50 that WOMAC function scores and gait parameters would demonstrate distinct post-operative recovery 51 patterns, as for WOMAC function scores a larger change in the first 3 months and a smaller change in the 52 following 9 months was anticipated because they are more likely influenced by ceiling effects [9, 10] . Finally,
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we hypothesized that gait performance in patients one year after THA would still be slightly worse compared The patient data used in this analysis were from a single center prospective UK cohort study comparing 59 functional measures in patients undergoing joint replacement (the ADAPT study). A detailed description 60 has been reported previously [26] . From this cohort, patients listed for primary THA were selected. Patients 61 completed the WOMAC questionnaire and their gait was assessed pre-operatively (mean=24 days; SD=13 62 days), at 3 months (mean=106 days; SD=19 days) and at 12 months (mean=385 days; SD=22 days) post- The WOMAC score is designed to provide information on a patient's perception of pain (5 items), stiffness
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(2 items) and physical function (17 items). The function dimension of the total WOMAC score (i.e. WOMAC 72 function score) was used in this analysis. The WOMAC function score contains 17-items and each item is 73 scored on a 5-point ordered response scale. The score was transformed to a 0-100 score, with 0 74 representing the lowest (i.e. worst) score and 100 representing the highest (i.e. best) score [23]. two subgroups were formed: a low function group (n=18) with a pre-operative median WOMAC function 110 score of 36 (IQR=22-41) and a high function group (n=18) with a significantly higher pre-operative median 111 WOMAC function score of 71 (IQR=65-82) (p<0.001). In gait, significant differences were also found 112 between the low and high function groups for the parameters speed (0.89 vs. 1.10m/s; p=0.006), step length 113 (0.50 vs. 0.60m; p=0.003) and ROM pelvic obliquity (4.7 vs. 6.0°; p=0.015) ( 1; figure 1) . Separate subgroup analysis demonstrated that the observed 142 improvement was only found in patients with a low pre-operative self-reported function. However, no 143 differences were found for gait parameters at 3 and at 12 months post-operatively between the high and 144 low function groups (table 1) and the averaged change per month between 3 and 12 months post-145 operatively showed no significant differences between the low and high function groups (table 2) Step time irregularity -0.06 0.717 -0.26 0.119 -0.39 0.018
Step time asymmetry -0.11 -0.530 0.06 0.741 -0.33 0.047 also performed significantly worse on gait pre-operatively; they walked slower, with smaller steps and less ROM. However, only weak to moderate correlations (Spearman's r range 0.43-0.51) were found between 185 pre-operative WOMAC function scores and pre-operative gait parameters. These findings concur with the 186 results from the study by Unnanuntana et al. [23] , which reported a Spearman's correlation coefficient of 187 0.54 between pre-operative WOMAC function scores and a 2-minute walk test. Findings from our study and 188 previous research suggest that WOMAC and gait capture a different dimension of physical function.
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Our study's main finding was that the significant differences in pre-operative WOMAC function scores and 190 gait parameters between low and high function groups are not found at 3 and 12 months after THA. Patients 229 could provide a bigger challenge [37] . Other physically more demanding performance-based tests, such as 230 timed get-up-and-go (TUG), six minute walk test (6MWT) and stair climbing test (SCT) could be used as 231 an alternative to the objective functional test described in this study [38, 39] .
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The third aim of this study was to compare the outcomes of gait analysis one year after THA from our cohort 234 with those of a healthy control group without lower limb OA or previous lower limb surgery, and we 235 hypothesized that gait performance after THA would still be slightly worse than in healthy controls [25] . Our 236 results demonstrated that by 12 months post-operatively, patients with a THA had nearly reached the level 237 of the control group in gait performance, except for the parameters speed and step length. At 12 months 238 after THA, patients seem to walk with a similar step frequency compared to healthy controls but with smaller steps and consequently lower speed. These findings are in accordance to the results of a meta-analysis by 240 Ewen et al. [40] including 7 studies comparing gait between patients >6 months after THA and a control 241 group. Across these studies, the mean walking speed for the patient groups and control groups ranged 242 from 0.707-1.31 m/s and 0.921-1.34 m/s respectively, and 3 studies reported significantly lower walking 243 speed for their patient group compared to their control group. Furthermore, 6 studies reported stride length 244 and 4 of these studies reported a significant reduction in stride length for their patient group compared to 245 their control group. A more recent systematic review by Kolk et al. [25] describes the results from 28 studies 246 comparing gait between patients after THA and a control group, including the 7 studies from the meta-247 analysis by Ewen et al. [40] , and demonstrates that walking speed was not different from controls in most 248 studies that had a short (6-9 months) follow-up period, whereas it was lower than controls in most of the 249 studies that had a follow-up of 24 months or longer. This coincided with a reduction in step length in the 250 long-term follow-up studies, which was generally not found in the short-term follow-up studies. In our current 251 study, the patient group demonstrated a median walking speed of 1.20m/s at 12 months follow-up which 252 was significantly lower than our control group with a median walking speed of 1.29m/s (p=0.036).
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Furthermore, step length was also significantly reduced in our patient population at 12 months follow-up 254 compared to our control group (0.64m vs. 0.68m; p=0.004).
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Limitations of the study should be acknowledged when interpreting the results. Although the inclusion of 257 multiple assessment times is a strength, the assessment of function at 3 and 12 months post-operatively 258 may not capture the full extent of post-operative changes in physical function. As most of the functional 259 improvement was demonstrated within 3 months post-operatively for WOMAC function scores and for gait 260 parameters, earlier follow-up measures (e.g. six weeks post-operatively) could provide more insight in 261 recovery and guide early individual rehabilitation [17] . In order to capture improvement of physical function 262 beyond 12 months post-operatively and in patients with high pre-operative function, we advocate combining 263 gait analysis with more high demand tasks. Another limitation of our study is the small sample size and, as 264 with any prospective cohort study, missing data. Only patients undergoing primary THA were included in 265 the analysis and patients that did not complete all the assessments were excluded. Consequently, our small study population limits the conclusions that can be drawn. However, the study was exploratory in nature 267 and generated findings that can be investigated further.
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Conclusion
270
This study indicates that in a cohort of patients undergoing THA, pre-operative differences in mean WOMAC 271 function scores and gait parameters between low and high function subgroups have disappeared by 3 272 months post-operatively. Therefore, it may be important to look at the relative changes rather than the 273 absolute changes only. Furthermore, assessment of physical function by self-report showed marked 274 improvement in the first 3 months after surgery with little further improvement thereafter, whereas gait 275 analysis showed a more gradual improvement over 12 months with sensitivity to capture improvement 276 beyond 3 months after THA. The weak to moderate correlations between both methods suggest that they 277 measure slightly different aspects of functional recovery and can be supplementary to each other.
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